WO 03/ 086763 PCT/ AUO2/ 00765 A PRI NT ASSEMBLY FOR A W DE FORVAT PAGEW DTH
PRINTER FIELD OF THE I NVENTION This invention relates to w de fornmat
printing.wbbesqasticularly, this invention relates to aPpmiAt2assenbl y
for a wde format pagewidth printer. BACKGROUND OF THE | NVENTI ON W de
format printers have been available to the public for many years. Exanpl es
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all have a traversing printhead thalggﬂ[\ﬂgﬁses a print nediumwhile
depositing ink on the medium Applic i eves that these printers suffer
frominherent disadvantages, particularly when attenpts are nade to
utilize the design of such printers in order to achieve faster printing
speeds. EHELDOF THE NVENTHDNM of achi eving high printing speeds is the

ability to achjeve a. printhead. that is capahl.e of generafing the necessary
nunber  of i pk%hﬁtlgvéé¥1°. relgfey .E’o‘f" e gt pnlgﬁﬁg.ﬁé?r,e Raﬁr%gpagfé/ p %hﬂsolga%rﬂ}ogve
accur at erdMitbd ol d\Sintlabsehibl RS a il Sorbfatbagewi@W painteand of the image be
created in as little print cycles as possible, and preferably in a single

print cycle. It 20 follows that it is undesirable for a traversing

print heaﬁ*%émﬁé)'?p -ﬁ@ﬁﬁ‘,ﬁﬂ;ﬁ achieve high print speeds and that a

single p porating a suitable nunber of inkjet nozzles is
requi red. Thewidt f@iiadphifathast beer shfavledo the pablibfosbbamyjyetrs gExantplesasts and

pi ezoel ectric printheads have been available fo ti These suffer
f r oml @x c BeRYIFeVide Sformat pripterspre HedHewlsH dpckad zﬁﬁ%{qoﬁg@ﬁdthggv’édbﬁz?f@o re
been f0”%,%)@0&260@/%&)66’5‘@13&&Qt‘HErsbe suitable for use in a pagew dth

n. nunmber o I sa

configurati dvant ages associated with such printheads
are set out i Theis @pywdrs elhhaem maveddns pontheal thitteavarsps a print mpdivmdwhidd oped a

printhead chip that is capable of uci ng | es. havi resol ution as
high as %‘U@ltﬁ‘& 1pl??ﬂg§én%cﬁp1a$ggp]écaﬁgﬁ%.}e§8§ &at@%%ﬁ CIp ﬁ?@%@%@l@?@ circuit
fabri cat gRBd¥REd3RE, PaRRulEG vich BttemptsiRe GOS0 @ilEeRRONsHRD i sic Emaﬁqlve
referenced applications and patents. Applicant believes that these

pri nt headrdshiachigve fesarpeimting spesds-t abl e for use in wide format printers.
e e B g RS AORHEALS FhedRBEOAR Beiges  1 o
ar r angenpghthesid®that isedpdble &f gnB@tiBg the necessary number of ink dots at a suitable rate.
Further, in order to achieve accurate printing, it is desirable that a row or band of the image
be created in as little print cycles as possible, and preferably in a single print cycle. It
20  follows that it is undesirable for a traversing printhead to be used in an attempt to achieve
high print speeds and that a single printhead incorporating a suitable number of inkjet
nozzles is required. ‘
Thermal printheads also referred to as bubble jet printheads and piezoelectric
printheads have been available for some time. These suffer from excessive heat build up
and energy consumption and have therefore been found by the applicant to not be suitable
for use in a pagewidth configuration. A number of disadvantages associated with such
printheads are set out in US application no 09/526,504.
The applicant has developed a printhead chip that is capable of producing images
having a resolution as high as 1600 dpi. These chips are manufactured using integrated
30 circuit fabrication techniques. Details of the chips are provided in the above referenced
applications and patents. Applicant believes that these printhead chips are extremely

suitable for use in wide format printers. The reason for this is that such chips operate at



chip and due to the fact that such chips can be driven at an extrenely high
cyclical rate. The Applicant has been faced with a nunber of difficulties
in order wo wBoki7eve the effective use of such printhead ccgsatm/ovicde
format printers. One particular diffieulty identified by the Applicant is
the effective control of a nunber of such printhead chi ps to achi eve
accurate printin SUMVARY OF THE | NVENT O\Ié ccordi rst . agpect of
the i nvéﬁﬁmﬁ}’h% edsqlug toythed@ige AUPPPHeL 1pZZie AR tsareq'ilée S nat

printer . b0GaRib i ¢ %Eﬁm't&gﬁa é&h%@ d%v(éﬁa{dneamteﬂﬂtymgh Bdehiadatee on a

support s&)ructurec}}? printer in an Operative position with
respect to aTheaipphicaft h'ahleee\mfaka:df\mhmnulpbcmfehf;flcaltmmﬂefdi) aghieve Wéad chi ps

t d on th t head_chi th t t
Poast T PRegensn ekt mearead Shp R P amtraest CHEmair i eRE ng " °
posi ti ongd;feq biate Aﬁﬁlcaﬁﬂ @Eﬂ% fhefild Esntd 8f Qﬁlﬂﬁbér‘i‘)f@ﬁcl‘ﬁﬁbmmad@hipﬁko drops

into a printing zone " defined by the platen; and cont circuitry that is
al so poathieenaducite piwingar ri er and that is configured to control operation
of the printhead chips. According to a second aspect of the invention,
there is provided a wde format 20 printer that conprises a support

struct URYMMARYOF THEINWENTIONL | oned on the support structure, the print
assenbly conprising a carrier that is mounted in a operatlve o ition

with respect Acsording wradirsoaspectind el guertionmiereds Prv d 2 prfii AEREPD °|5F‘| nt head

chi POshi kone rr %JIB{ head chi ps t oget her
incgﬁpora{fi?h ﬁ@gé?%fﬁﬁta§8%¥{1bt?gan néolg%l e arrangenents, the printhead
chi ps bei ng pasiidrahgds ﬁl@uﬁthlalh ohfﬁuppém‘sﬂnmde@ﬁﬂpsxfidc oo phinter wfanej ect i ng
ink drops into a _printing zone gaeflnqetﬂ l&}( E} 5) at n; and control
ci r cui t roperafize ppsitian with sesbeetite AGLRIIHOL the WidG formapt Y hat is configured 30
to control pﬁ?ﬁﬁﬁe%f gﬁnth&ﬁi d?ﬁulbs'Bd%ﬁﬁﬁe& Bhlﬁ?e caﬁﬁléi e PRdinead 618s REthani sm

e sup

positioned on ort structure to feed nedia into the print assenbly.
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defined by the platen; and
control circuitry that is also positioned on the carrier and that is configured to control
operation of the printhead chips.
According to a second aspect of the invention, there is provided a wide format
20  printer that comprises
a support structure;
a print assembly positioned on the support structure, the print assembly comprising

a carrier that is mounted in an operative 'position with respect to a platen of
the wide format printer;

a number of printhead chips positioned on the carrier, the printhead chips
together incorporating at least fifty thousand nozzle arrangements, the printhead
chips being positioned so that the printhead chips are capable of ejecting ink drops
into a printing zone defined by the platen; and

control circuitry that is also positioned on the carrier and that is configured

30 to control operation of the printhead chips; and

a media feed mechanism positioned on the support structure to feed media into the

print assembly.



of the above summary. BRI EF DESCRI PTION OF THE DRAWNGS In the draw ngs,
Figure 1 shows a schematic, three-dinensional view of part of a printing
mechani snwofo3asgmes nt assenbly, in accordance with the inveatriAuoooefesa w de
format printer, also in accordance wsth the invention; 10 Figure 2 shows a
front view of the printing nechanismof Figure 1; Figure 3 shows a rear

vi ew of the %ri nting mechani smof Figure 1; Figure 4 shows a three

di nensi onal , Tagdiwientpn s raw describpd, By Way of exampler Wit refersnes tg thschenat i ¢,

t hr ee- di ' ' f . ri.s af Lk [} PY=T g shows a
schomt PO AP EE i igt, THRRGH RHhY Beblion & nck Mion Lt 1 PR e 7 e
sect i onefitheiabaveofunampet ti on of the printer incorporating the print
assenbly; Figure 8 shows an expl oded view of an operative portion of the
printing mechanism 20 Figure 9 shows a cross sectional view of an

operati B%IEWBE?@mbﬂbﬂ OF THE BRAMINGR sm Figure 10 shows a high-Ievel
0

bl ock di agram a print engine controller of the printer; Figure 11 shows
an expanded M theldralvmgs.am of a page expansion unit of the print engine

control ler; ELgur 2 shows a bl ock di agram of t ri.nt _engi ne controller
i ncor porati n_?l&qﬁ%?sé%‘ﬁ%aé RS R I R S DA P?Etcﬂfxﬁpéimg hemati c,
three- difBRSiI QA 2 PHEVLREMBBY fn REordaftle! WHEH'ER $neehtiBn,AF 2 Wil fiabpriggsenbl y
of the printer, show ng one"nozzle arrangenent of the printhead chip; 30
and Fi galse i acookdanse withdheimaention; t hr ee- di nensi onal view of a print head
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Figure 4 shows a three dimensional, external view of the printer;

Figure 5 shows a schematic, three-dimensional view of operative parts of the
printer;

Figure 6 shows a schematic, exploded view of the printer;

Figure 7 shows a schematic, side sectioned view of a portion of the printer
incorporating the print assembly;

Figure 8 shows an exploded view of an operative portion of the printing
mechanism;

20 Figure 9 shows a cross sectional view of an operative portion of the printing

mechanism;

Figure 10 shows a high-level block diagram of a print engine controller of the
printer;

Figure 11 shows an expanded block diagram of a page expansion unit of the print
engine controller;

Figure 12 shows a block diagram of the print engine controller incorporating the
page expansion unit;

Figure 13 shows a schematic, three-dimensional view of part of a printhead chip of
the print assembly of the printer, showing one nozzle arrangement of the printhead chip;

30 and
Figure 14 shows a schematic, three-dimensional view of a printhead module that

incorporates a printhead chip.



The printer 10 has a support structure 12 that supports a print assenbly 14
above a substrate. The support structure 12 includes a pair of spaced feet
16 and a weg3b87extending from each foot 16. The print aseamuog/odssis
nounted on the legs 18 to span the legs 18. A nedia tray 20 is positioned
between the legs 18. The nedia tray 20 is configured to store suitable

print i C r ) r is fed froma nedia feed
mchanrﬁfﬁlhﬁhaﬁgﬁﬁgﬁgrﬁéﬁ‘H']EJMEIQNO t hrough the print assenbly 14
and on to a t ﬁgﬁl@ =P : '
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t hat ar ¢he ideentionbed bel ow. The print assenbly 14 includes a lid 28, with a
handl e 30, and a .froq cover 32. The }-#gg‘ 28 and fraont covlglr r’rgz are

posi ti oned bePRPLHEE b&@%aa‘fppeﬁcf%ﬁum aESHPPRA PRAGASSIUREADAYOVER al so

i ncl udegy@st@. %el-l'fﬁohqgu@t@ré"u ﬁCILﬂE§E'P§§ bf§Hhced ¥l %&ﬂd)e['}eg"i‘&%k&ﬂdilﬁgt ton 38
is also provided to enable a user to stop operation of the print aSsenbly
14. The fyomi pachdestelth The prntassembly 1¢as inousted omplamlegs &8 tarspas Hevegs 8. f ur t her
detail in the _r i ni Figures.. 20 1 n Fjgu 1 1t0,.3, reference nyneral
20 gener al | y 2 MRS BriRRbeRieng LB A5 ekt 20 BLRERYRLT As
can be seewrd dhithble piineedidSsuchAg pRdrnRi ng nechanism 40 is  segmented. In
particular, the printing nechanism 40 includes nine printed circuit boards

(PCB' s) 42 conwaeped??is fesdfsom guprdia {fed mechaniam jo Hifpan ebamediagpllBpbcks 44.

The (pri ntJ [ f r i des i i .
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ei ght praisotpostidnedbietivesn tho legstl 8 16 ehdlosesvarioat elottigniPédhsondRtsaliat apy ovi ded.
The pri he%d nodul es 46 are described in further detail below Each PCB
42 i ncl $8¥55d Be1oRt engine controller (PEC) 48. The PEC's 48 are al so
described in I ia; . ; I i LelRs y
chips in the I;hglﬁrl;i]% g? Ssglz‘t)%o]iéltlgggte%granggz%ﬁl@ﬂ] Eﬁildgi?’%gﬁe%ﬁfe&lﬁmM (3; i ps 50
cooper atlid 24 and ftdne cPEE 33 8rd positiomed betweehatpairof dedmoldiegs 34bel ow. WO
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therefore not set out in this description. The QA chip 52 serves to
assembly 14.

The print assembly 14 and its various components are shown in further detail in the
remaining Figures.

20 In Figures 1 to 3, reference numeral 40 generally indicates a printing mechanism of
the print assembly 14. As can be seen in the drawings, the printing mechanism 40 is
segmented. In particular, the printing mechanism 40 includes nine printed circuit boards
(PCB’s) 42 connected to each other with corresponding connector blocks 44.

The printing mechanism 40 further includes a printhead 41 having seventy-two
printhead modules 46. Each PCB 42 is configured to control eight printhead modules 46. It
follows that nine PCB’s 42 are provided. The printhead modules 46 are described in further
detail below.

Each PCB 42 includes a print engine controller (PEC) 48. The PEC’s 48 are also
described in further detail below.

30 Each PCB 42 also includes memory chips in the form of 64 Mbit external DRAM
chips 50. The DRAM chips 50 cooperate with the PEC 48 in a manner that is described

below.



i nhi bit unauthorized refilling of ink in the manner described in 09/113, 053
in addition to other functions such as ensuring the quality of print nedia
used w t hwots/ops7ent er 10. An endnost PCB 42 includes a semcalAwenomsst or 54
that permits serial data cables 56 t6& be connected to the PCB' s 42. Each
PCB 42 is connected to its associated printhead nodules 46 with a flexible
PCB 58. 10 The printing nechani sm 40 includes a netal chassis 60 that

ext ends bet wddpher, saghyPCR A2 dnchedesglqypliiy auenti¢asion 404) sbipi 32 Details ohat he end

nmol di ng e PCB' s t i . The chassis 60
has a gé‘rll%fbé? @iﬁgﬁ%ﬁgd&%%@g n%ég% ?eg?\r?g%dc[ﬁgtﬁggq a%zgpgﬁl gatéor? Tvar all oy is
posi ti o109 181058 had afrisieforé ot s8t Oltds #is desetigiitig Taé QA chipP2asives o nat eri al

is positioned on an qutside of the chassis 60 and the channel 62. Each PCB
42 is noubiynyrhenzed sefilking of k) inthegnanner dessriberhin9%1 1335 Ingddiliondd i nes a
pai r of ' b S I . The
Fecesoed g P fdn s Blups e QMR & pr B8 Sy o UG BE- 55

posi tioned i rAreercimoseBEBs2GAcluddsen deriabamaedi8r 3¢ ehargonfnitg werkd dua cablepb§

el ectri ca}i ower to ttﬁgil?(:ﬁ s 42. 20 An ink reservoir assenbly 70 is

posi ti or@ efg?f‘qeﬁt@dlt?l%r 8ffel 62. The ink reservoir assembly 70 includes

an ink distri [ i t i ; ! osi tioned
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on a respective ink distribution arrangenent In particular, each
printhe@CBdYul e 46 is renovably nmounted on its ink distribution

arr angenent to. facilitate, renpval and repl ac nt n.necessary. The

i nk(weservoi ZI%S&]@H% ?lewl?%ﬂg&gcgu%sﬁlrﬁ&glcﬁg ISOWH?X}\%@(%P?&‘?FH i ngs
76.  Eaeifsidekndlgings §DiHat s lpdkifiendbinGRE ERBROINIESs\WAl ThAPCBSSArirdhiimRyd Nt head
nodul e 46. The ink reservoir noldings 76 areg505|t|oned end-t o-end al ong

and wi t 9nrihe ehassis 08 Therchassis 6Gstms a genenglly flcshapederpss sectieon. o) ehpnnel @edfi nes a
pl urali o "/ each accommodating a differently
col oredtal}{r%{g‘?ar%hggg%tgglfngg@(?/A;&lg{&glrll%gtéeb'i nk channel s extend a 30 |length of
the | nvar chahndedssiézholding 6Mdf & plasticy atagaldB positigredioni aproetkideofahe em@dmost i nk

reservoi | di 76. The e ap nolding 78 has a plurality of connectors
80 defi ﬁrg(fgglﬁ‘&%’gﬁmiﬁa- ?%hﬂéjlgﬁ%é‘ﬁwowt’?%onf@scﬁéﬁﬁ %ﬁf"fﬂﬁbhannel s 74 when
the end cap mlle@hﬁaiszﬁomﬁlgm%epge@@gamef 2R HeLOPIPS o8k WRARE BRREES

PCT/ AU02/ 00765 6 reservoir nolding 76. The connectors 80 are connectabl e
to an i mkolting®4ctheecesses EPextdiven length df tisechassisumotding @R A bysbanog isr n,

connect ep((j)si i(c))needai%heagl]; reces? |6%.r ’ﬂlé lga/sbgrfs éSnaI§e Q(())n Eg%re 4tb SI|11t>pl{r giel:t%végl power to
the PCB’s 42.
20 An ink reservoir assembly 70 is positioned in the Invar channel 62. The ink
reservoir assembly 70 includes an ink distribution arrangement 72. Each printhead module
46 is positioned on a respective ink distribution arrangement 72. In particular, each
printhead module 46 is removably mounted on its ink distribution arrangement 72 to
facilitate removal and replacement when necessary.
The ink reservoir assembly 70 includes a plurality of ink reservoir moldings 76.
Each ink reservoir molding 76 corresponds with an associated printhead module 46. The
ink reservoir moldings 76 are positioned end-to-end along and within the Invar channel 62.
Each ink reservoir molding 76 defines a plurality of elongate ink channels 74, each
accommodating a differently colored ink. Thus, effective elongate ink channels extend a
30  length of the Invar channel 62.
An end cap molding 78 is positioned on an endmost ink reservoir molding 76. The
end cap molding 78 has a plurality of connectors 80 defined thereon and in alignment with

respective ink channels 74 when the end cap molding 78 is positioned on said endmost ink



t hat each hose 84 is in fluid communication with a respective ink channel
74. Each hose 84 supplies the ink reservoir assenbly 70 with ink of a
parti cul awoasloes763 For exanpl e, the hoses 84 can carry CyaaT(AZoz/odsgent a
(M, Yellow (Y) and Black (K) inks, respectively. In this case, four hoses
84 are provided. Al so, each reservoir nolding 76 defines four ink channels
74. Alternativel the hoses 84 can carry Cyan (C), Magenta (M, Yellow
(Y), RedegeRyoir moldiag 7¢.dhesaanaiers 80 Rye qqnngctablégp@tmk\h@sg/comnﬁct@h% Thgse, six

h 8
hoses 4RGN, SRR AR TR P ARSI R 5
84 can ahstreackcMdé SAridl i fidid@oatndiE3tion Mkth :ﬁpre%tlf/d: Hktdhdend] 7). Efh hobé 8h speed

printing so.that the inks can dry rapidly. Each hose 84 is connected to a
r espect |S\VBP1|1?$I<th% Bkrasenr ggemply, ‘élﬂS)nk %f@ nragftgulas gelor. Fos egagple; the bgspsect ed
bet ween g a ses 84
are connecte g:(ér})eg\%%gec{tg@éyggﬁ’zSngl?c{sngg%\g\??ﬁ&$%?p§§%ve&%teﬂg ors 94

shown |qasd:|fgmlmsds 84Tdre poviided. Adsoe aduhyresbdvainmbldiies7@dgfings &birtink dfanaelppi ng
devi ces

8 th d h Each
cappi ng %eﬁt“@g}agg%’r agg%s§égé’glc%‘[f§ 9&9@? &H‘g&hgbﬁag?}g’o%ggef{fig&} na\(/:\hi ch
it servesrebR (GRghd Bie "(EﬁﬁﬁQ%éb%cWélWlﬂﬁﬁQciE@dé& Rodt8 84 prialidBa A6 y' ng of

i nk, and an inoperative position in whic nk can be ejected from?t
pri nt headch gBervoduhelding 76 sheradnfings sixdok pbanpgls i7¢i lostedd phsik diffestrdlysi s 60. A

g5, Do Aoy BRG s As R ey DK SaTERGeD &) RS TieP ool oy

m)vemanthlgﬁ speae peiafid mhgﬁnbm oaﬁdb)elta PREY their operative and inoperative
positions. The canshaft 90 is driven wth a suitable notor, indicated

general |y at Bashihese$isconnestedrora menected laklcommn@hﬁﬁ Frigwe Sasedhasiepchi 4 i s
shown i r110': L9y Esecozmeé%édﬁ ggf Q:ohﬁgf PB& an&lfi th@glar }14%8:61%19«35“74 G 32, the

lid 28 and a rear cover her I'ne a ou3|ng e pri nt
assenbl yhokds 84Pamplcunsmcieti o dfeir mkpecavet contgaars 30 HithsT-pixse comredrd®hemism t he
lid 28. Each |nk cartridge 30 102 stores one of the inks mentioned above.
Each i nk2 %% ¢ildge 102 is positioned between a pair of clips 104 so that

it can be repf&gﬁﬁlt%%&b%sﬁﬁﬁﬁéﬁfdﬁsaﬁﬁﬁﬁlt Bi‘cﬁ?ﬁgd&%s ﬁ@%ia@@&rv\ﬁgoﬁ@SpeCt' ve

ink reservoir 86 are in fluid conmu each ot her n the ink
cart ri dgeiti G3péative poriheatimbdulae 46. Kdok ceppips daviek: smmmeﬂﬂﬁeetween an

ZCF{)\'/A\\BU? 2(%193 12(% ?égm? E‘l ancﬁ flt s%rves %0 cdp ftsnregg]e%ui'é) Il;gilltﬁeada moclillﬁg % t8 n tlgl? 106 and

drying of ink, and an inoperative position in which ink can be ejected from the printhead

20  module 46. A camshaft 90 is positioned in the chassis 60. A translating member 92
interconnects the camshaft 90 and the capping devices 88, so that rotational movement of
the camshaft 90 results in reciprocal movement of the capping devices 88 between their
operative and inoperative positions.

The camshaft 90 is driven with a suitable motor, indicated generally at 96 in Figure

Further detail of the print assembly 14 is shown in Figure 7. As can be seen in this
drawing, the front cover 32, the lid 28 and a rear cover 98 together define a housing 100 for
the print assembly 14.
A plurality of ink cartridges 102 is positioned beneath the lid 28. Each ink cartridge
30 102 stores one of the inks mentioned above. Each ink cartridge 102 is positioned between a
pair of clips 104 so that it can be replaced when necessary. Each ink cartridge 102 and a
respective ink reservoir 86 are in fluid communication with each other, when the ink

cartridge 102 is received between the clips 104.



positioned within the housing 100. A pair of spaced primary rollers in the
formof an upper primary roller 110 and a lower primary roller 112 is
provi ded wo diosgbace t he paper 22 through the print assemranyatndoo’ERe upper
roller 110 is positioned at an upper énd of the platens 106, 108, while
the lower roller 112 is positioned between the platens 106, 108. The
rollers 110, 112 are configured to drive a sheet of the paper 22 over,

consecut i vel y/ BHT phplatens, é’EuF}FafEEn(?fm@ HRPST Blgisn ]&%ﬂéﬁl lower plagndA8dut er
surface vear upper
roller %OSIEI\?\%&SR?%RAT I?)émlgirh r ol [ 5 F)Ek%d one%rgb)ig? ?Aifé’“% Ogantupgﬁ y and
downwar dipyinrapyiallgr pti sndombovet pnhnmpmﬂier 1]2213 pitcﬁndledttb witdplabd 4hd appt 0t al |y

nount ed ?}h 1]}E to the ho [1)00 Th rysh 114 has an arcuate transverse
profile CHRPERLWEPEL @ﬁ%‘gg&]{)‘hl‘ ‘FIBPRFﬁﬁ dgﬁhsaﬁ’%?ltWP at anupper ggkofifheish 114
i s posi tgmwﬁ 108 Idaemgu%dlgwkpﬁamplImtpob'ﬁ%n&%& e&?th@%iht&ﬁslﬁ6bﬂfcfv\@ﬁ9 the

brush 114 and the housi ng 100. A pinch rol IS positloned downstream
of the bireliss 110 143 atsvec@nflagadm@dnvm she@pp’éhe papemﬁﬁyovelo comsectitibely, Tnimer when

t he paper e fr etween t sh 114 ~ an up primry
For | r 1 atcel R i IR0 Ffen 08 g Sh BT e OF e dwpotmad dobfhub e o
movenent paper@2yiapes opdraheappkd Golite 1 10.85hif the VA rélldri nQp@S?cﬂ‘ﬁle& PevrBd a
lower cutting zone 122. A gap 124 is defined between the upper and | ower

printi ngUPy anghdowmardiy movirgpertigns ofthepapesizRed wheel s 126 i s partially
recejyed throughy, the primary
roll g? 112. A crogﬁs1 %ﬁ%&éj%ggﬁg |vet6§}8pt)lgegtlp Sm%é@&fj?%b‘?’%‘%gﬁﬁ %8 t he
spi ked wheehts thA6verse premlanmttcbﬁemnaednmm@eﬂg@nmry 1806 1100The Fuch $p4 ked
wheel s 126 and anch r @ are caonfigured so that a suitable

t ensi on ?Ssp°§§‘t°nﬁ{1) th ﬂ‘ésn}?%ﬁ S‘Qti’a & R2PY 7 Cpmpass betvasndhcbrughy bH4 ande
printinguedivasihgdogf the upper platen 106. The chassis 60 and channel 62
are positioned above the printing zone 120 of the wupper platen 106. The
chassi s 60 and pihéh iwhlanht isppsitioredcdomestiead of thezbrasts pldaodrerdgaingedbani sm

129 t ch d ch | d f th
or i nt 1 ng UDss REREDRTRE R dLBESuip 167 RensEp e Brelfoedititn Biicen bedustni 4
channel 62d deepgérsRinkasaiiies 11b&h&@ﬁ1@h@&1&n¢g FthiMSHRGRpE B hdalhstileedl t he

printhead nodul es 46 are a distance fromthe 30 printing zone 120 that is
sui t abl e™O¥EMERE nt i ng and an i noperative position | n which the paper 22

can be rel eas 20 The ssi,S .60 an channel 62
are connect edﬁﬂ Lﬁ‘fﬁeq]p%@%cﬁfd &ﬁtf gy axﬁﬁp \ﬁn% Fipcng qng ang 2oy pgingzene
Furt her, 12\ gankXiis déﬁn@ﬁﬁét‘&éaﬂhe pfe? a8l eow@pRathEdorded 12021220 ASHHAlityl 28.
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of spiked W}IIDCGIS fb\ %95 partially received through the gap 124 to engage the paper 22 and

the lower primary roller 112. A crossbar 128 is operatively positioned with respect to the
spiked wheels 126 to retain the spiked wheels 126 in position. The spiked wheels 126 and
the pinch roller 118 are configured so that a suitable tension is set up in the paper 22 when
the paper 22 passes over the printing zone 120 of the upper platen 106.

The chassis 60 and channel 62 are positioned above the printing zone 120 of the
upper platen 106. The chassis 60 and the channel 62 are connected to a displacement
mechanism 129 so that the chassis 60 and channel 62 can be displaced from the printing
zone 120 when necessary. In particular, the chassis 60 and channel 62 are displaceable
between an operative position in which the printhead modules 46 are a distance from the

30  printing zone 120 that is suitable for printing and an inoperative position in which the paper
22 can be released from the printing zone 120.
The chassis 60 and channel 62 are connected to the pinch roller 118 with suitable

metalwork 130. Further, the chassis 60 and channel 62 are connected to the crossbar 128. It



follows that, when the displacenent nechanism 129 is operated, the pinch
roller 118 and the spiked wheels 126 are di splaced fromthe upper platen
106 togetwero3wsd7izt he chassis 60 and the channel 62. The pdiTsgoaoersent
mechani sm 129 includes a canshaft 1328and a pusher 134. The pusher 134 is
connected to the chassis 60 and the channel 62 so that, upon rotation of
the canghaft 132, the chassis 60 and channel 62 are displaced towards and

away f r oipllwe thab when;thgydisplaeeraent mreshanisra 29 isqnsiptad ghe pipplerolleyl B ando) | er s
136 ; t . 22
s rocel OGP RE kel 1A BE RS ot HORBharAbE Tod Rl 4t e iP5
10 A | owerd, the phiamngt 62dl er roller 138 is mounted on the |ower platen 108 to

be partially _received through, a . 140 defined_in the | ower platen 108.
The. sprung 1 dFe SirRdpqegiens meckapise 327 inglidets sHBsTBok ieBR e @UelsT Bddr Thegai nst

the | ovwep,sRE TRY coifebl to-thé-chdddisse0 AHa tHQXlﬁaﬁﬂ%l%Z ém}{étn%%&qro{a'tiﬁﬁ oPfnet N€
paper 22 is gripped, and passes between, the [ower prinmary roller 112 and
t he spr wanshaiftd82,1the ¢hessid 68 and bieanpel 62 are displabéd/totvhrdsnamidiasiayg fncthiet | ng
mechani sm ]t'42 that.is m)u(ri%aed h€6the housi ng 100 above the cutting zone
122 of tFEURGFOPe B HE BRPEEPACA|UO.cut t i ng mechani sm includes a cutter 146

that traver seg?ﬁdﬂedl&%ﬁérsa%ta@e fotaBly erdRARAlabEve thIhlg SGYItNEORFMaNthem 142
i ncl udes an optical sensor 144 so that the cutter 1 % can be stopped when

it reachRapenl isgpagiverl bgtveaentthergpper pbiten. 100rpaddhe eppsyidientellars 236lef | nes a

cut t4 formaji 1 C t it h th tter 6,.t0 facilitate
cut 109 o ¢ a1 ler Shiuhd Rer 20 G ARR S Rofificlioh el 8L Hblef1 0f 30t Barkflyr | *1
i ncl udesreegive througheldap 140 Qefirdirinahe 1ied plaldn OBOTHY spreng fikeraolleri13RE | er

150. The air inpeller 150 serves to %enerate_ an air current within the
housi ng cOfeRsH 2pdBesiteped ip bedagaingiihg joweripripary nofler 1 £2. Jihys, aggwpmardlyied i n

t he housi byl ot ;8 J L The air
 mpel | or " BB AP LER of lfRhel 2FistrippRd 3Rl piksEbANERh, tFIoRY BBl er
ext ent tli2mndithe speurighidleowollast 13B. of dust on the printhead nodul es 46. As

can further seen in Fi e 6, the primary roll 110, 112 are connected
to a gearbox r’t‘ﬁ%ﬁr’ﬁ%bg#{)ﬁﬁf‘@ﬂs B AUENG e Srﬁggéa‘?ﬁ@‘@%‘%%‘%_tﬁ%4 and
bracket Hou§ing100 ab&% thé eﬁtaﬁ% 98O &fthé BFpd: plfenlfbeaTHe EQYRE R Ninidh One of
the end noldings 34. Thus, tThe 30 primary rollers 110, 112°serve to drive

t he papenclades aguiony i thet fpavenses dwspapbit 32 thaut hepapernt 3% Jbe bitiog steclififsn s
oSt {10 9838 SR PR Be ped T R an
WO 03/ 0&md@3 aRefkind\8kd)ahe 2uttthg zone 122 defines a cutting formation 148 that

20  cooperates with the cutter 146 to facilitate cutting of the paper 22.

As can be seen in Figure 6, the print assembly 14 includes an air impeller 150 and a
motor 152 to drive the air impeller 150. The air impeller 150 serves to generate an air
current within the housing 100 for cooling purposes. An air filter 153 is also positioned in
the housing 100 to filter the air passing through the housing 100. The air impeller 150 also
serves to generate the air current to a sufficient extent to minimize the build up of dust on
the printhead modules 46.

As can further be seen in Figure 6, the primary rollers 110, 112 are connected to a
gearbox 154 that is mounted on a bracket 156. The gearbox 154 and bracket 156 are
positioned on one of the legs 18 and covered with one of the end moldings 34. Thus, the

30  primary rollers 110, 112 serve to drive the paper 22 through the print assembly 14.

A printhead bracket 157 is positioned in the housing 100 and extends between the

legs 18. The printhead bracket 157 provides a support structure for the chassis 60 and



channel 62, The printhead bracket 157 also provides a support structure for
the upper idler rollers 136. The housing 100 is shaped to define an

openi ng 1W® Bess7passage of the paper 22 into and out of tPloa/grmob7éassenbl y
14. Feed rollers 162 are rotatably noanted on a tie bar 160 that extends
between the legs 18. The feed rollers 162 are positioned so that the paper
22 passes over the feed rollers 162 when the paper is fed into the print
assenbl ghanhel Ghdheipsinthgad blagketdlSd alsoqrovdese spport suwnetpredor heseperidienat it
provi des ftrgﬁural rigidity to the printer 10. Discharge rollers 164 are
r ot at ablrgll ffounted on the upper platen 106. The discharge 10 rollers 164
are positi ongghe h6udif@ 100 ReshpRRad dBndAsSRHiIMRVIESS fbhpasdigTaligsapeotl pte 164
when the paper 22.% fed fromthe pri n?@gssenbl % %oth t é) nedi a roll
166 and an¢éeut efitee printsptsably 44 dresd aplicre HoZnte Kotatahbamaured pn afipbar 166t or 168
and a t Ik ' - (] 0, rinter
10 i ncl %zg%agn%%&%?‘%eeg‘u%%ﬁeﬁﬁﬁh%gd f ﬂ%? sofé? Aﬁ%?ﬁ@é@é‘% léitﬁat'? }}I%p%yég%%’.r oni cs
encl osumpasseboveflige feedvesllessp§d whemthe papet is feddaofthgpristchstemtie 1900 rtd by
either a 110V or 220V power, supply. Further, the power supply unit 172 is
conf i guaplealsaserves s siycamad pyEpose Hhthgitt B?OXW?SF%‘?HW%%W&%LPE&W uni t
172. Thggpower supply unit 172 is connected with power cables 173 to

vari ous conponents of the printer 10, such as the various drive notors to
suppl y the cdipbacetrellevs ilh4 aeqotatablly moentad oo tlz uppeeplgien 196. Theedipehiargeer 10

i ncl ydes an mot her board, 174 that ,i,s_al so itigned in t | ectronics
enclBsu rrgl?ezr%fgzﬁarﬁ Wﬁ‘ﬁﬂ‘é‘?ﬁgsq htthe RRRer @g rpassfsi%vei@gﬁ‘?ré}ﬁﬁ% r8ﬂertg ﬂ§4 P‘P@Fﬂer board
174. Thendpdpet herded ol hapEnfakenbif84i s connected to the nine PCB's 42
with suitabl'e data cables 178. Thus, conventional print data supplied to

the interf acdotathg meria ralblit and thariakhap spenl ¢4 prididem Wikh e iedarelldrivat o a
sui tabl e ftgll: fggfa%? arfﬁ%%%%o%)’dw’fe#%'1?@?6%’%?%%}(.ﬁégurgn A printer 10 includes

a hard dfivVe U nveni en 180 can have a
capaci ty of 4heprigeah)0escluddsiagpoiae shpplpings 171hhasis posigenaf inahd éledronisges t o
be printed. The hard drive unit 180 is _connected to the npt herﬁoard 174 in
a converPFIgREP 20 henasyer suprly Hait d 74 i spafigyred ta bopewergd by aiesid ldRYIOthar d

drive uny i . i 1 j r of
For mat 5 220Vt Sufpl FERER ARl Rooily Bt 112 B LB 83 o R Mg
dat a i s carhbd dfaworfirdrh ¢heyaowerdnpple vaitilf2.78@ posveabgpply omiv 72 iscoahectedAgith s set
out below, printi of the images is_digitally controlled as,a result of
Che. pr i MOMERCRSdCN SONERg R RoIHORERS e RFLEE (et an e Rlip G ARamR R
t ransf erglugfy iheROEpHARSs FiaRJdIRdRRELNRI 03:EP6763 PCT/ A2/ 00765

20 The printer 10 includes an ATX motherboard 174 that is also positioned in the

electronics enclosure 26. A printhead interface card 176 is mounted on the motherboard

174. The printhead interface card 176 is connected to the nine PCB’s 42 with suitable data

cables 178. Thus, conventional print data supplied to the interface card 176 from the

motherboard 174 can be converted into a suitable form for reading by the various PCB’s
42,

The printer 10 includes a hard drive unit 180. Conveniently, the hard drive unit 180
can have a capacity of 40 Gigabytes. This facilitates the storage of entire images to be
printed. The hard drive unit 180 is connected to the motherboard 174 in a conventional
fashion. The hard drive unit 180 is a conventional hard drive unit and is therefore capable

30 of storing images in any number of formats, such as the well-known JPEG format. The
manner in which the image data is read from the hard drive unit 180 is also conventional.
As is set out below, printing of the images is digitally controlled as a result of the printhead

technology utilized in this invention. It follows that transferal of image data from the hard



10 drive unit 180 to the PCB's 42, via the printhead interface card 176 can
take place without the requirenent of significant data transformation, in
parti cul awp oaiosétesit t he requirenent of digital to anal ogepeTsA@RANT6S
conversion. The interface card 176 isttal so connected to a notor and LCD
controller PCB 182 to control operation of the various drive notors and
the TFT qlng)\f?su Details of such control are  set out in the above referenced

appl i cat %Oé%hec%?esf‘@r dlar{be PERibGAdfateriage exrld 76 eaw takp plase withpet ot or
and LCD [ﬂgﬁ% f is,

in turn, &gg(%’l ecte egasﬂt g%tﬁg% on %’é)h’soal%aﬁﬁl{m%p{ev%tg t&ﬁé]%glg’?%eéﬂg%tfnt er
10 can brdagltaiabamdogub&lg%mlcmeMOrseen in Figure 14, the printhead nmodul es 46

each incl ude prl rrtﬁhead 186. The FI’I nt head chllg 186 can be in the

formof any o FhiRisrigee ﬁ%rﬂelgé it #speonscied famoter and L CT) pepfeolieePEB difedel
appl i cat i r in
Shpch t hS! B ASf (6 Gl i D SRR THT 1L0B), WiEs B SR cpfifrol e
sui t abl eset owtrig dite above raferenéwt apphicatidne xidéare tREFoEBnatysodiat mdhisi t h t he

b1 nt hoatrennfiny Ee mioidt ind 1K Saiibir BrBIE T rodwiied it Afurors Btoreila,
pri nt hea@aodH heénA€oninBeibd tethe WP bUAOR 38 36 Ykt BPerdfior b He bHfldE 16 28, The

on chip fiducials 258 are essentially in the formof nmarkers to facilitate
accur at eh@deAgnment of the printhead nodul es 46 in the prl nt asserrbly 14.

The i nt head i t t h V. enced US
applll%(r:ation Qn%e%%g?ﬁ@%%?{ cfd%inlntlle%? ere]leg eﬁaﬂ gdg ?&nﬁ’ﬁé‘ijﬂ ‘MR such
det ai | |186t fl‘hSpﬁlpIheacf ¢hip118@Ban b thé form (h"(m@‘ee{he privéhedlichipd @6schibed ides a
waf er su ate 88 A CMOS drive circuitry layer 190 is positioned on the

wafer s %Vteée @@C%@Rhé?até@ﬁﬁ@&“&i Eagh Pfh@h?ardef%f’@nﬂ@ 4popluies a gasiend 8] i ty of
nozzl e %Rﬂﬂ&?ﬂi{@g Fifi A8 chip 1RB9 boSGaOThd QfidM87 dlfiheia Glifafld!chliecybY ©F
190. For the purposes o onvenf ence, one such noz e arrangenen

shown i rzonEifguhceﬂa)ﬁble'ﬂ?@B pBiastoeeem with rhexﬁﬁtheadphmsm a muFigupl 18 shows

replication of .t noz ran 2 n.the r substrate 188. As

set out ?Wrﬂfnﬁ@tlca BeraT} %éf%%r rﬂ%‘%‘ﬁ b’é‘t]l]ggﬁgat léﬁlﬂta\gg fgﬁ?%e intheprigpiertthead

chi p 186gich priitheRd AfbdGle mmamdemﬁﬁraeé ﬁﬂmﬁi 450 dnip ABALIRDSS, nrheto%ﬂ@ que.

Replication of conponents in order to achieve a product is a wel no

feature I@TCIW e pesontigbtindhe fosmifingankers fa fatiditato wecurdte aligriveenp of ﬂutahead

chip 1861_81n %%4%% 0 1%51 %E?iet 33(&‘?)/ a person of ordinary skill in the
ac

field ofP apricati o ‘arrangenent 210 includes a thermal

bend act uat OrThb%rmlih’aﬂ chfp 135013 utaso@eeﬂnpdetzhhﬁ t6d/EBvea¥Rfent&PUL QA gﬁ&ﬁbﬁ e an
actuating él%ﬂnm fromt 190, In particular, the P ermal bend

act &t orfio ﬂ%@ﬁﬂé’&wﬂl ﬁl?ﬁ‘pf@‘i@tn%gg despgbed ineich getail in this specification.
Briefly, however, the chip 186 includes a wafer substrate 188. A CMOS drive circuitry

layer 190 is positioned on the wafer substrate 188 and is connected to the flexible PCB 58.
A plurality of nozzle arrangements 210 is positioned on the CMOS drive circuitry
layer 190. For the purposes of convenience, one such nozzle arrangement 210 is shown in
Figure 13. The printhead chip 186 comprises a multiple replication of the nozzle
arrangement 210 on the wafer substrate 188. As set out in the above referenced applications
and patents, the printhead chip 186 is the product of an integrated circuit fabrication
technique. Replication of components in order to achieve a product is a well-known feature
of such a fabrication technique. It follows that the printhead chip 186 can readily be
30  understood by a person of ordinary skill in the field of chip fabrication.
Each nozzle arrangement 210 includes a thermal bend actuator 192 that is
positioned on the CMOS layer 190 to receive an actuating signal from the CMOS layer
190. In particular, the thermal bend actuator 192 includes a support post 194 that is



WO 03/ 086763 PCT/ AUO2/ 00765 11 nmounted on the CMOS | ayer 190 to extend
fromthe CMOS | ayer 190. The thermal bend actuator 192 includes an

act uat or womsb8@es hat is fixed to, and extends from the Papparm/oopest 194.
The actuator arm 196 includes a heatitig layer 198 in the formof an
electrical heating circuit of a material having a coefficient of thernal
expansion that is such that the material is capable of perform ng useful

wor K on owed e (MBS layerd 0 ite exsendfrprmithe GMOY fryar Hhlihaghermpledbendat i ng
| ayer %fda?orrigf ﬁéh? EQn%Qtugto essrl?%%%t {gfﬁ dr&?ta?lﬁ:g?{? oﬁ]lg h% sg§ o) f' ci ent

of thermal éxpansi on t hat

defi ni ng)dshE94 gheadtohtophrnh €96 indlhdes 4 Betting lélglaelg@ﬁiﬂhagomﬁ&ﬂn el&:&ma$
posi ti oned internediate the |layer 200 and the substrate 188 so that the
act uat orheating gitsgitiaf aafeﬁ@n%l\béymgwifmené abhermalexpywionibat i such thafithent is

dt
oo 1 oreia s HERRRR RO A Shertd ork B EAEMSRRE L IR of A0aRih |
nozzl e aipaniheatingaThs hefidhg 1dyee 108 ivpositivhedroe n layat 260 0Pmatedal iawingaof  wal |
204 def | nb Th f 04, def k t
ot SRS Ry Bt el e BauiiSh e A 1 oo
on the agdddd:PheAind'chefit ' Thehchfficllaly émstlbﬁom&?édqnteﬁﬁ@dmé r%e%% 260 @nd2dd! e

menber 212 is configured and p05|t|oned in the nozzle cha 206 so that,
upon di sthé suhstreintl 88 fso thet thectctizt@rararl96 196snt away éroor thh substla\iBS whek ai s

ed fromthe h 206. ,Jhe actuator arm 196 is connected to
theclél\/tbculrrgg}elﬁpﬁ“ﬁ ﬁﬁpﬁbﬁ ?ﬁ%ms%}ﬁ%e&l?g—post 20 194 so that the heating
| ayer 198 can\mzzmh\éﬁ)baﬂw@nmmz e Pbosifibiidn the AMOBeafeMP50.| R¥F whfi®@04 As can
be seen in Figures 3 and 9, the printhead chips 186 are each positioned at

an anglié pofitioned ogihe pozze félaértheawgﬂs 203 dde rn@mfh: abarabrs wadls g0 angd the ieof

i nt d
b the prina A aHlste Rl Aot endlF AR Aa ki AR RUGGERE 7" o
t he abovieom ehédheink édejelted,dnu&t.at es appli cations and patents that a

pagew dth printhead including printhead chi ps as descri bed above can
I ncor por at e upP? %@e‘r&%g%’é‘ﬂl@mé Ahige AeHator amp 1 g%Fq Srndipterthe pozzlsi ng

the pringhgde 208l Bhe égcﬁile hfenib%r @P?ﬁ'c@hi%&n gcgs and ][k&%tg{nbmn ARt ¥ha1n4bego have

over as many as 200 000 nozzle arrange | ows that over 200 000
dot s carR06esophrdtniped displademeptgicthe 2&uator arirel 36, ias desegbarbateve A0k islajectete

Wt b of ey 8 THERGLARPPIASS 960 noszl e arrangenents 210. VD 03086763
PCT/ AU02/ 007 6Bfhe actuator arm 196 is connected to the CMOS layer 190 through the support post
20 194 so that the heating layer 198 can receive an electrical signal from the CMOS layer 190.
As can be seen in Figures 3 and 9, the printhead chips 186 are each positioned at an
angle with respect to a straight line running the length of the printing zone 120. This
facilitates a measure of overlap at adjacent ends of the printhead chips 186 to ensure
printing continuity.
It is clear from the above referenced United States applications and patents that a
pagewidth printhead including printhead chips as described above can incorporate up to 84
000 nozzle arrangements. It follows that, by using the printhead chips 186, it is possible for
the print assembly 14 to have over as many as 200 000 nozzle arrangements. It follows that
over 200 000 dots can be printed on the paper 22 in the printing zone 120. In one particular
30  example, the seventy-two printhead chips 186 provide a print width of 57.6 inches with 552

960 nozzle arrangements 210.



12 The nozzl e arrangenents 210 of each chip 186 are positioned side-by-side
intw rows in a staggered fashion. It follows that true 1600 dpi printing
can be acwoamspes™sth the printhead chips 186. Each pri nt preadawbiop76:86
therefore includes 7680 nozzle arrangements 210. Each nozzl e arrangenent
210 is independently controlled by the PCB 42 to eject a 1-picolitre drop
on demand. The integrated circuit fabrication technol ogy used is based on
Very Large %@l@zzhtw@nMMS 2\ dlepch eip A 86 etpypasiioned sidé-blyisidedes®ei bed in

h b f C
mnuf act PP ot FERRTT 888y E A5 TR0 i oritertah B2 St Bl e
little qﬁ—m&iéaauﬁ@@r]séw de. This allows each printhead chip 186 to 10 have

a surface area as little as 21 mmR. The characteristics of each nozzle
arrangement eoh ariathead phipH86 therefoss inelpden H88mozyeiarmgngementsi218t Eachcy cl i cal
rate of t ing of u
to 21.6 |f1f%:ag§9 ropé%%?s lﬁd(%%ﬁgé{tﬂ% ?g%(?oﬁ\c/d‘lb he?ﬁhﬁtﬂ% rré&gtl Ju&sligltr‘?d gquarep

feet patroponderaind @GO 11d|9grateﬁa>ﬁ21’ﬁu1pfabﬂt:zli’tﬁﬂldeﬂiﬂolbcizfiﬁed B bassdn@CVas Ifaggd t S
associated PCB 42 with the flexible PCB 58. It follows that each flexible
PCB 58 i¥aledniseriion (VESDrechnotesy thej isfully dessribed in thg abeye rafeesosst i nt head chi p
186. Ea p. nt egr at ed
ci roul 1 B e R A o e DL e T rages
fromt heaqangammadlo 2an baa<littiace 32 ABcroftheideECh#&llpwe dachgmindtead khipel8dad page

i mages 3} gw_g si x ch els ﬁf bi- level dot data as output. It will be
appr A4 4 PHAICC AL PS B¥hunicates with eight printhead chips 186

in thl S exanpiR.chEdefRifis &%abﬁ»‘n@zaﬁagphﬁgerha%@w@xe fich ERITYONEHAbIeRR W th up
to sixteen such printhead chips 186. In particular, each PEC 48 can address

up to &emgec&wepuam@maal efei gfdipitn 80 KHzdystsessasiased BRGH8eTlkis a@mm@ 000

(

i nes/s h t head
Wit 7 Qngibk of G LOAP %:bpﬁ{’l ﬁ%%opﬂf\%&"ﬁhgﬂndﬁ?ﬁ? B gtehgu Pisefochs | s
col or sp®eRoWQNO600 dpi. Thi s neans that the PEC 48 can accept prl nt data in
any color. Wile each PEC 48 can acce t contone data as CMYX or RGBX where

X is an opti ofah Prigtheadcindffds connected;io ity aseociried BBenvighbedlgk®le n any
print cec seReffowiindddid hedsle!pos 5@%&0815%&%0 tfie ERMHS agéﬁfbot& ifefine a

mechani smftor arbitrary nappi ng of nnel's to output channels. The
PEC 48 isssmiatel mothéaguwohgd18@r conbi ning dots for ink optim zat| on and the
i nunber . of . ot her__.channel

o g(ranr)?tel, Gat &4Eh FEC 4@3333%28 BB AP PERNIOTT BECIES A B Ecg Firsiet ng,h' K for
a bi - | eRISIC) that receives input data relating to compressed page images from the printhead
20  interface 176. The PEC 48 produces decompressed page images at up to six channels of bi-
level dot data as output. It will be appreciated that each PEC 48 communicates with eight
printhead chips 186 in this example. Each PEC 48 is capable, however, of communication
with up to sixteen such printhead chips 186. In particular, each PEC 48 can address up to
sixteen printhead chips in up to six color channels at 15 000 lines/sec. It follows that each
PEC 48 allows for a 12.8-inch printhead width for full bleed printing of A3, A4 and letter
pages.
Each PEC 48 is color space agnostic. This means that the PEC 48 can accept print
data in any color. While each PEC 48 can accept aontone data as CMYX or RGBX where
X is an optional fourth channel, it can also accept contone data in any print color space.
30  Additionally, each PEC 48 is configured to define a mechanism for arbitrary mapping of
input channels to output channels. The PEC 48 is also configured for combining dots for
" ink optimization and the generation of channels based on any number of other channels. In

this example, data input is typically based on CMYXK for contone printing, K for a bi-level



WD 03/ 086763 PCT/ AUO2/ 00765 13 input, fixative, and optional further ink
channels.. The PEC 48 is also configured to generate a fixative channel

for fast woiostosergs appli cati ons. Each PEC 48 is confi gured pca/Aa@2nessl uti on
agnostic. This neans that each PEC 4813 sinply provides a mappi ng bet ween

I nput resolutions and out put resolutions by neans of various scale
factors. In this exanple, the expected output resolution is 1600 dpi.
However inputHéxatiFe argl apsienalfurthertink ehaansls ddhe PEE 4&is elsefcpaldguredtoach PEC 48 i s

al so conf.i gured. be =1 engt h nost.i.c, EFach PEC 48 operates a
printi n%e %%tg agf#agwf’lc n%gﬁlz?riasgﬁﬁlét%%aar?%?{ﬁe\g/ig’nﬁ'ny nunber of bands. It follows
that a "page'Eack PECUWS/R cdfifigliredsotadebdtutieingdndsticl A hkagbanRikat 48chdPEC B8s an

interface so that it can be synchronized with other PECs 48, as is the
requi r erSERRLY W@ HAesH Baprive Retwsen IpH selitiongsand agips resofufienpcmeansafi on f or
simulta t .dunl e i 0t ' J | a 48 to
be 1 espoid g Saletabbf it ARk, Bl Abriy ol Bt Bty 189 o FBwEkes
appr eci ahePECHStdoesofibyd stdre @ny dytachithiwéffesat.i on functionality with partial page
rendering all ows rrulti%I e PEC s to be readily conmhined for alternative

i

printing reqdiacBiElt 48 isilsoranfigursd taibs agsderstyagnasiic Bach REGHP oRgrafes 2 or nat
printingy. ha) 0L L | Ladd ' tie ”»

F 1t i ngrnSAEBRICAA e bil | Ple AREE oy S 0r BTSN M v e
requi r edan hires dnylreanonalgje eaigile sets out the features of each PEC 48 and its

assaqci at ed benefi le 1. Features, and Benefits .of, PEC 20 fure
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printing, and printing applications where more than six ink channels are required.

The following table sets out the features of each PEC 48 and its associated benefits.

Table 1. Features and Benefits of PEC

20
Feature Benefits
Optimized print architecture in 30ppm full page photographic quality color
hardware printing from a desktop PC
0.18micron CMOS ' High speed
( >3 million transistors ) Low cost
High functionality
1.8 billion dots per second Extremely fast page generation

15,000 lines per second at 1600 dpi  {1.1 A4/Letter pages per PEC chip per second

1 chip drives up to 122,880 nozzles  [Low cost page-width printers

1 chip drives up to 6 color planes 99% of printers can use 1 chip per page
Sophisticated internal memory Only requires 1 external memory, leading to low
buffering and caching cost systems

TPEG expansion low bandwidth from PC

low memory requirements in printer

Lossless bitplane expansion high resolution text and line art with low
bandwidth from PC (e.g. over USB)
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Variable page length

Print any page length (up to 64 km)

Cascadable in resolution

Printers of any resolution

Cascadable in color depth

Special color sets e.g. hexachrome can be used

Cascadable in image size

Printers of any width

Cascadable in pages

Printers can print both sides simultaneously

Cascadable in speed

Very high speed printers can be built

Fixative channel data generation

Extremely fast ink drying without wasteage

Built-in security

Revenue models are protected

Undercolor removal on dot-by-dot
basis

educed ink useage

Does not require fonts for high speed
operation

No font substitution or missing fonts

Flexible printhead configuration

[Many configurations of printheads are supported
by one chip type

Drives Memjet ™ printheads directly

INo print driver chips required, results in lower
icOst

Determines dot accurate ink usaege

Removes need for physical ink monitoring system
in ink cartridges

In Figure 10, there is shown a block diagram of the PEC 48. The PEC 48 includes a
high-speed interface 214 through which an external micro controller 216 can write to the 64
Mbit DRAM chip 50. The PEC 48 also includes a low speed serial interface 220 through
which the micro controller 216 can access registers of the PEC 48 and the DRAM chip 50.

The PEC 48 also includes a page expansion unit (PEU) 222 that receives data

relating to compressed pages and renders it into data relating to bi-level dots. A line

loader/formatter unit 224 is also provided that formats dots for a given print line destined
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The PEC 48 includes a data bus 230 and a low speed serial bus 232. Both the
SDRAM controller 234 and the DRAM interface unit 236 are connected to the low speed
20  serial bus 232. The PEC controller 228 is connected to the data bus 230. The PEC

controller 228 is also connected to the low speed serial bus 232 via the low speed interface
220. The high-speed interface 214, the PEU 222 and the line loader/formatter unit are also
connected to the data bus 230.

In use, since the PEC 48 prints page bands from DRAM, a given band B is loaded
into DRAM via the high-speed interface 214 before printing can begin. Then, while the
PEC 48 is rendering band B via the PEU, band B+1 can be loaded to DRAM. While band
B+1 is being expanded and printed, band B+2 can be loaded, and so on.

In the following table, the various components of the PEC 48 mentioned above are

described briefly.

30 Table 2. Units within PEC (high level)

unit unit name reference description
acronym numeral
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226

s responsible for sending dot data to the Memjet
printhead segments and for providing line
synchronization between multiple PECs.

SCU

SDRAM controller unit

234

Provides the DIU with access to the external
DRAM.

An expanded block diagram of the PEU 222 is shown in Figure 11. In the following

table, the various components of the PEU 222 are described briefly.

Table 3. Units within Page Expansion Unit (high level)

unit unit name reference numeral description

acronym

CDU Contone decoder unit 238 Expands JPEG compressed contone
layer and writes decompressed
contone to DRAM

CLBI  |Contone line buffer 240 Provides line buffering between CRU

interface and HCU

CRU Contone reader unit 242 Reads expanded contone image from
DRAM

DNC  [Dead nozzle compensator 244 Compensates for dead nozzles by
error diffusing dead nozzle data into
surrounding dots.

DWU  [Dotline writer unit 246 Writes out the 6 channels of dot data
for a given printline to the line store
DRAM

HCU  [Halftoner compositor unit| 248 Dithers contone layer and composites
the bi-level spot 0 and position tag
dots.
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stage.

The HCU 248 carries out a second stage. The HCU 248 dithers a contone layer and
composites position tags and a bi-level spot0 layer over a resulting bi-level dithered layer.

10 A data stream generated by the HCU 248 is adjusted to create smooth transitions across
overlapping segments or printhead chips 186. The HCU 248 is configured so that a number
of options exist for the way in which compositing occurs. This stage can produce up to six
channels of bi-level data. It should be noted that not all six channels might be present on the
printhead chips 186. For example, the printhead chips 186 may be CMY only, with K
pushed into the CMY channels and IR ignored. Alternatively, the position tags mentioned
above may be printed in K if IR ink is not available or for testing purposes.

The DNC 244 carries out a third stage. In this stage, the DNC 244 compensates for
dead nozzles in the printhead chips 186 by error diffusing dead nozzle data into
surrounding dots.

20 Bi-level, six channel dot-data (typically CMYK-IRF) generated in the above stages
is buffered and written out to a set of line buffers stored in the off-chip DRAM via the
DWU 246.

In a final stage, the dot-data is loaded back from the DRAM, formatted for the
printhead, and passed to the printhead interface 226 via a dot FIFO (not shown). The dot
FIFO accepts data from the line loader/formatter unit 224 at pclk rate, while the printhead
interface 226 removes data from the FIFO and sends it to the printhead chips 186 at a rate
of either pclk/4, pclk/2 or pclk.

Figure 12 simply shows the PEC 48 incorporating the exploded PEU 222.
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connection for each nozzle arrangement 210 is not required. It will be appreciated that such

20  arequirement would make a printhead unreliable and cost-prohibitive to manufacture.

A further important advantage associated with the printer 10 is that a width of the
printing zone 120 is extremely small when compared to the length. In a particular example,
the printing zone 120 can be as little as 0.5 mm thick. It will be appreciated that it is
necessary to achieve extremely stable paper movement through the printing zone 120 in
order to ensure that accurate printing takes place in the printing zone. The narrow width of
the printing zone 120 facilitates minimal control over the paper 22 as it passes through the
printing zone.

In the event that a substantially wider printing zone were provided, it would be
necessary to provide further control over movement of the paper 22 through such a printing

30  zone. This would require such devices as vacuum platens to retain the paper 22 against any
form of pivotal or lateral movement as the paper 22 moves through the printing zone. This

could greatly increase the cost of the wide format printer.
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HP 1000 / 5000 600 x 600 120 146 17 195 220 244 269 293
HP 3000 / 3500 600 x 300 72 244 285 326 366 407 448 488
Epson | 7000/ 10000 720 x 720 90 195 228 260 293 326 358 391
Encad Novajet 800 600 x 600 96 183 214 244 275 305 336 366
Gretag Arizona Draft mode 444 40 46 53 59 66 73 79
Gretag Arizona 309 x618 220 80 93 107 120 133 146 160
Colorspan| Mach X11 600 x 600 115 153 178 204 229 255 280 306
Canon BJW 9000 600 x 1200 72 244 285 326 366 407 448 488
Mutoh Albatross 792 x 792 65 270 316 361 406 451 496 541
Roland | HiFiJet 720 X 720 9% | 183 214 244 275 305 336 366
Nur Fresco 360 x 360 300 59 68 78 88 98 107 117

uosiiedwon

As is known by those of skill in the fabrication of integrated circuits, while a set up

20  cost for the manufacture of an integrated circuit device can be high, the cost of commercial



an unacceptably high level. In order to achieve an appreciation of the
speed of the printer 10 at a resolution of 1600 dpi, the follow ng

conpar at iwe waki7e3 i s set out below. It should be noted thacTiA@2/opiss pose of
the following table is sinply to illumtrate the speed of printing and is
not intended to denigrate the various printers used for conparison. WDE
FORNVAT PRINE%ES CEM Printhead Print Wdth Sinches) 38.4 44.8 51.2 57.6 64.0
70. 4 76. SAnpECyEPfeuch devieesis prlativebniops Itfelless dhat Appldnnsendtges-thhihber of

Nozzl es 49 . 14, A00 675..840 737, 280 Max. print
speed (sg&?to ?ﬁ]rgnat &?g%gf ax‘g%ggégﬁép?’fm%g?%%goﬁé?%eo‘ﬁltgg?ﬂ@é’e%%‘ﬁ 1689, 297

32, 227 36omipBabli/ik thelostadf nrRembacttie oﬁthSQﬂdﬂf&ﬁﬁeg:irﬁQﬁéQﬁieﬂgﬁ tHeabBle tablEs
faster) HP 1000 / 5000 600 x 600 120 146 171 195 220 244 269 293 HP 3000 /
3500 600 x 300 72 244 285 326 366 407 448 488 Epson 7000 / 10000 720 x 720

90 195 228 26 Widlsbesgwpanme tgthose skitlad drl theoarathat 180§ BODUS HABICGiCAS3nd 14

244 275 . ro Draft. e 444 40 46 53,59 66 73 79
Sn G et agﬁg‘rt@g %9%9$Q&%E%&%Z%H%?ﬁ%ti8 980{1?%8 Tlglf?ml&'éth%to cpefting it an
Mach X11sg@fitonsc6foflth®irvedtidn/8 204 229 255 280 306 Canon BJW 9000 600 x1200
72 244 285 326 366 407 448 488 Mutoh Al batross 792 x 792 65 270 316 361
406 451 496 541 Roland H Fi Jet 720 x 720 96 183 214 244 275 305 336 366
Nur Fresco 360 x 360 300 59 68 78 88 98 107 117 As is known by those of
skill in the fabrication of integrated circuits, while a set up 20 cost
for the manufacture of an integrated circuit device can be high, the cost
of commercial WO 03/086763 PCT/ AU0O2/ 00765 20 manufacture of such devices
is relatively low It follows that Applicant envisages that the cost of
manuf acture of a wide format printer in accordance with this invention wll
be conparable to the cost of manufacture of the wide format printers
listed in the above table. It will be apparent to those skilled in the art
t hat many obvi ous nodifications and variations may be made to the

enbodi nents descri bed herein without departing fromthe spirit or scope of
the invention. WO 03/086763 PCT/ AU02/ 00765



21 WE CLAIM 1. A print assenbly for a wwde format printer, the print
assenbly conprising an elongate carrier that is nountable on a support
struct ur ewofostobeeprinter in an operative position wth resgpeainzberea pl aten
of the wide format printer; a nunber zf printhead chips positioned on the
carrier, the printhead chips together incorporating at least fifty

t housand gﬁle arrangenents, the printhead chips being positioned so that
the prin ps are capable of ejecting ink drops into a printing zone
defined by the platen; and 10 control circuitry that is also positioned on
the carrier and that is configured to control operation of the printhead

chips. 2l. A pAiprintasseibby forasviaé firmmatiprintes L pint asdefbédiih rish% pri nt head
chi ps toget her |ncor orate at |east_ one hundred thousand nozzl e

arr angerent s. ARelongale paprierihaismapnpblegnyg Woﬂﬁtféﬁaﬁwf’éhe printehingin t he
print hea@pe@ﬁld&?&%ﬁ%ﬁ{m &FWWB@BW \Lﬁ a‘f"BnH pndred thousand nozzl e

arrangenent s print senb as c r%r’3 whi ch i ncl udes

bet ween f or t ya m'dmb@mf prithend nhipe[joqmmuirwaﬂe c:imals tlogriritheddedipd lﬂo%éﬂ%
asclarredlnclalml In which ea rinthead

chip 1o pReprBE AR R hbyERg Rofh %mmgemt%tasppe@@%ehlm bess. 6. A
pri nt asmnmn\éda@mk ieRdld chidh Mcbapkitle WL E) rgg?gira dP(ngq Sfligtib Rond1c| udes

a wafer substrate and a CMOS rlvecrcwtry sitlio e waf er
substrat@ ined Ry theeplatgnizande arrangerrents positioned on the wafer substrate

d nbl d
2Ina| Indlmé in |Itr¥)ﬁélgéc glfl{z?é é’y Ogﬁlﬁgﬁ%ﬂli’ ﬂ‘{)egcla}q%?rt%ﬁa%%@/“tﬁ?ilﬁg‘b@ |éorrﬁ1 clr(r)]

el ect r o-conabhopeaionsofsheprifithedd d g%,sel ectrically connected to the CMOS drive
circuitry layer. WO 03/086763 PCT/ AU02/ 00765 22 8. A print assenbly as
claimed in claimb5, V\:hl ch includes a plurality of pr| nt head nodul es, each

print heard modyn} AGBRBRYA Ll RoPhBl NSRRI B 6B LRLDGREpIROY! o5

bei ng nmount ed rle rnt asse in
whi ch a iﬁt(&'gbﬂateeat@wasmmmwuhmustnmtzk( I€Bpeinsngpunt ed on each printhead
nodul e and connected between the CMOS drive circuitry |layer of each
printhead chip and the control circuitry. 10. A print assenbly as cl ai ned

in claim.s8, iQpwhi&Rehbls RBeclathOERLIFRIYif V1M he printhead chips together

incorporate at least two hundred thousand nozzle arrangements.

4, A print assembly as claimed in claim 3, which includes between forty and one

20  hundred printhead chips positioned on the carrier.

5. A print assembly as claimed in claim 1, in which each printhead chip is the product

of an integrated circuit fabrication process.

6. A print assembly as claimed in claim 5, in which each printhead chip includes a
wafer substrate and a CMOS drive circuitry layer positioned on the wafer substrate with the

nozzle arrangements positioned on the wafer substrate and the CMOS drive circuitry layer.

7. A print assembly as claimed in claim 6, in which each nozzle arrangement is in the

30  form of a micro electro-mechanical system that is electrically connected to the CMOS drive
circuitry layer.



10 configured so that the printhead chips are each positioned at a common
angl e of greater than zero degrees and | ess than ninety degrees with
respect twoasloseres extending a |l ength of the printing zonecrsaumkhetss
consecutive printhead chips overlap at2their ends. 11. A w de format
printer that conprises a support structure; a print assenbly positioned on
the suppgQrt structure, the print assemhly conprising_ a carrier that is
nount ed gn anwtéﬁﬁwlbé%&w ipclagm e hichymelygdes aplysalify ofprintigad i de
format pry ; Is ehi j vl i er, the
pri nt heacrjéi]d dg;ﬁ]i%%’seaeggﬂg%gé? ﬁ{gg igl:érllcor o?té’féu]%gﬁ 13:? éﬁﬂecg]g!? Q’???’?*y}h‘%@gﬂ‘gdg‘% nozzl e
ar r angenbeing maunéedoon the hamidr. chi ps bei ng positioned so that the printhead
chips are capable of ejecting ink drops into a printing zone defined by
the platen; and control circuitry that is also positioned on the carrier

and thatgi s configukRhbly s S8Maah cRPAreatd VRicRt fd®IPplinbdeRickiPe: and a
nmedi a feed nmechani sm positioned on the support structure to feed nedia into
the pri (Rc&igémmd on each printhead module and connected between the CMOS drive

circuitry layer of each printhead chip and the control circuitry.

10. A print assembly as claimed in claim 8, in which the printhead modules are
10 configured so that the printhead chips are each positioned at a common angle of greater
than zero degrees and less than ninety degrees with respect to a line extending a length of

the printing zone, so that consecutive printhead chips overlap at their ends.

11. A wide format printer that comprises
a support structure,
a print assembly positioned on the support structure, the print assembly comprising
a carrier that is mounted in an operative position with respect to a platen of
the wide format printer;
a number of printhead chips positioned on the carrier, the printhead chips
20 together incorporating at least fifty thousand nozzle arrangements, the printhead
chips being positioned so that the printhead chips are capable of ejecting ink drops
into a printing zone defined by the platen; and
control circuitry that is also positioned on the carrier and that is configured
to control operation of the printhead chips; and
a media feed mechanism positioned on the support structure to feed media into the

print assembly.



